IL-8 and airway neutrophilia in children with gastroesophageal reflux and asthma-like symptoms  by Sacco, Oliviero et al.












E-mail addrIL-8 and airway neutrophilia in children with
gastroesophageal reflux and asthma-like symptoms
Oliviero Saccoa, Michela Silvestria, Federica Sabatinia, Rosa Salea,
Gianna Moscatob, Patrizia Pignattib, Girolamo Mattiolic,
Giovanni A. Rossia,aU.O.C. di Pneumologia, Istituto G. Gaslini, Largo G. Gaslini 5, Genova 16147, Italy
bServizio Autonomo di Allergologia e Immunologia Clinica, Fondazione Salvatore Maugeri, IRCCS,
Clinica del Lavoro e della Riabilitazione, Via Ferrata 8, Pavia 27100, Italy
cU.O. e Cattedra di Chirurgia Pediatrica, Istituto G. Gaslini, Largo G. Gaslini 5, Genova 16147, Italy





ee front matter & 2005
med.2005.05.011
ng author. Tel.: +39 010
ess: giovannirossi@ospeSummary Gastroesophageal reflux (GER) may induce respiratory symptoms (RS)
through inhalation of acid gastric contents.
To characterize the airway inflammation associated with this condition, 20
children [7.4 (0.9) yr old] with ‘‘difficult to treat’’ RS and a positive 24-h
oesophageal pH monitoring (pHm) were studied and bronchoalveolar lavage (BAL)
performed. The control group included 10 children [7.3 (1.3) yr], non-atopics, with a
respiratory clinical history similar to the cases but no reflux, as demonstrated by a
negative 24-h oesophageal pHm.
On BAL samples, in addition to inflammatory indexes, the lipid-laden macrophage
(LLM) index was determined as index of gastric content inhalation.
As compared to controls, GER children had higher neutrophil proportion
(P ¼ 0:002), higher LLM index (P ¼ 0:004) and higher concentrations of interleukin
(IL)-8 (P ¼ 0:005), myeloperoxidase (MPO) (P ¼ 0:001) and elastase (P ¼ 0:045) in
BAL fluid. In GER children, but not in controls, neutrophil proportion significantly
correlated with LLM index (r ¼ 0:65, P ¼ 0:002), with IL-8 (r ¼ 0:62, P ¼ 0:003) and
MPO levels (r ¼ 0:54, P ¼ 0:014) but not with elastase concentrations. These results
suggest an active pathogenetic role of IL-8 in the recruitment and activation of
neutrophils in the airways of children with GER, respiratory symptoms and BAL
findings suggestive of gastric content aspiration.
& 2005 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
5636548; fax:+39 010 383953.
dale-gaslini.ge.it (G.A. Rossi).
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Gastroesophageal reflux (GER), a condition with a
relatively high incidence in childhood, may be
associated with chronic/recurrent respiratory
symptoms due to inhalation of acid gastric con-
tents.1–3
Since gastric contents contain lipid material
(derived from animal or vegetable fats) that, if
aspirated, can be phagocytized in the airways by
resident macrophages, it has been postulated that
the presence of lipid-laden alveolar macrophages
(LLM) in bronchoalveolar lavage (BAL) fluid could be
strongly suggestive, although not specific, of food
aspiration.4 Indeed, LLM have been found in
adults4,5 and in children with acute and chronic
inflammatory lung diseases, not related to GER
where a higher rate of surfactant degradation and/
or a decreased macrophage clearance may lead to
accumulation of lipid material in alveolar macro-
phages.6
Aspiration of acid gastric fluid and food by-
products may also induce an inflammatory reaction
in the airways, with recruitment of polymorpho-
nuclear leukocytes, as experimentally demon-
strated in rabbits after instillation of acidified
human breast milk or infant formula into the
lungs.7 The hypothesis that also in humans the
presence of inflammatory cells may reflect the
response of the respiratory mucosa to chemical
injury, such as chloride acid (HCl), is supported by
the demonstration of weak, but statistically sig-
nificant, correlations between LLM index and
proportions of BAL neutrophils in children with
GER and respiratory symptoms.8
In a rat model, intrabronchial instillation of HCl
was followed by leukocyte accumulation in the
airways associated to release of neutrophil-derived
products.9,10 In this model, the pathogenetic role
of neutrophil-derived products was then demon-
strated by the observation that acid aspiration-
induced lung injury was partially attenuated by
intravenous treatment of the animals with the
specific scavengers.10
In acid aspiration-induced lung injury, neutrophil
recruitment may be mediated by proinflammatory
cytokines released by lung parenchymal cells.11 A
cytokine possibly involved in the pathogenesis of
acid aspiration-induced lung injury is interleukin
(IL)-8, a chemokine belonging to the C-X-C sub-
family that appears to be one of the most potent
chemoattractant for neutrophils.12 Indeed, while
the injection of HCl into the lung of anaesthetized
rabbit resulted in a massive influx of neutrophils
and in increased IL-8 levels in BAL fluid,11,13 the
fatal lung injury observed in the acid-instilledanimals was prevented by the administration of
anti-IL-8 monoclonal antibodies.14
With this background, a study was designed to
test the hypothesis that in children with GER and
‘‘difficult to treat’’ respiratory symptoms the
neutrophilic airway inflammation could be related
to the presence of high IL-8 and myeloperoxidase
(MPO) levels and of neutrophil-derived products in
BAL fluid.Methods
Patients
Children, referred to the Pulmonary Division of the
Giannina Gaslini Institute because of ‘‘difficult to
treat’’ recurrent asthma-like symptoms, character-
ized by persistency and/or recurrence of cough,
wheezing and, occasionally, shortness of breath.
These children were categorized as having ‘‘diffi-
cult to treat’’ recurrent asthma because their
respiratory symptoms did not improve despite
prolonged, combined treatment (at least 6 months)
with medium–high doses of inhaled corticosteroids
(4800mg budesonide or equivalent), short- and/or
long-acting b2 agonists and leukotriene receptor
antagonists (montelukast). All patients had also
received at least one short course of oral corticos-
teroids, with no significant improvement of
symptoms.
The observation that symptoms occurred or were
more frequent after meals and or during the night,
had no seasonal pattern and, in some cases, the
presence of a clinical history of gastroesophageal
symptoms, suggested the presence of GER, con-
firmed by a positive 24-h oesophageal pH monitor-
ing (pHm). Gastroesophageal symptoms included:
heartburn, ‘‘unexplained’’ recurrent abdominal
pain, dysphagia, frequent nausea and vomiting.
All children also had a gastroesophageal endoscopy
demonstrating the presence of oesophagitis, con-
sistent with the diagnosis of GER. We excluded
patients with: (i) congenital craniofacial or upper
airway malformations neurologic or muscular ab-
normalities leading to dysphagia-related aspira-
tion, (ii) cystic fibrosis, immunodeficiencies,
primary ciliary dyskinesia, bronchiectasis and other
diseases associated with the possible presence of
endogenous lipid in alveolar macrophages, (iii)
clinically evident recent or current upper or lower
respiratory tract infections or rhinitis,15 (iv) airway
abnormalities or infections, detected, respectively,
during bronchoscopy and on BAL fluid (45 104
colony forming units/ml of bacteria or positive viral
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Table 1 Demographic characteristics, pH monitoring and pulmonary function tests.
GER children Controls P value
Demographic characteristics
Gender (male-to-female ratio) 5.7 4.0 0.99
Age [years: mean (SE)] 7.4 (0.9) 7.3 (1.3) 0.94
pH monitoring data
% Study time with pHo4 [median
(lower–upper quartiles)]
9.0 (4.6–22.3) 1.3 (1.05–2.45) 0.0002
No. of episodes with pHo4 [median
(lower–upper quartiles)]
218.5 (115.5–533.0) 23.0 (21.5–40.0) 0.0001
No. of episodes 45min with pHo4
[median (lower–upper quartiles)]
2.5 (1.5–9.5) 1.0 (0.5–2.0) 0.04
Pulmonary function test
FEV1 [% pred.: mean (SE)] 87.3 (6.9) 90.0 (4.0) 0.80
FEF 25–75 [mean (SE)] 76.4 (8.2) 88 (7.5) 0.38
FVC [mean (SE)] 93.6 (4.9) 91.5 (0.5) 0.72
Airway inflammation in asthma with GER 309detection),16 (v) atopic disease, as determined by
skin prick test and radioallergosorbent test (RAST)
(Pharmacia Diagnostics AB; Uppsala, Sweden),
performed with a panel of the most common
inhaled and food allergens.17 Atopic children were
not included in this study because we tried to
select individuals in whom respiratory symptoms
(and airway inflammation) could be more likely
related to GER. None of the patients had received
intravenous lipid preparations at the time of the
study. None had been treated with anti-GER
therapy in at least the 3 months preceding the
study or with inhaled or systemic corticosteroids or
antihistamines in the 4-week period before the
evaluation. Inhalant therapy with b2-adrenoceptor
agonists was withheld at least 48 h before patients
entered the study. The parents of children were
given a dairy card for recording gastroesophageal
and respiratory symptoms. We considered in the
study only data related to 20 individuals [7.4 (0.9)
yrs old], who not only had pHmetry data and
gastroesophageal endoscopy findings consistent
with the presence of GER, but also had the two
following characteristics highly suggestive of a
closed relationship between GER and respiratory
disease: (i) a temporal relationship between pHm
established reflux and respiratory symptoms during
pHm (see below), (ii) clear improvement in both
gastroesophageal and respiratory symptoms after
4–6 weeks of GER treatment (diet, prokinetic
agents, H2 receptor blockers or proton pump
inhibitors), following the diagnosis of GER and
‘‘difficult to treat’’ recurrent asthma-like symp-
toms. In the study population, the time intervalbetween 24-h oesophageal pHm and fiberoptic
bronchoscopy was 18 (7.5) days.
The control group included 10 children [7.3 (1.3)
yrs], non-atopics, with a respiratory clinical history
similar to the cases (i.e. ‘‘difficult to treat’’
recurrent asthma-like symptoms), but no reflux,
as demonstrated by a negative 24-h oesophageal
pHm (Table 1). The control group fulfilled the same
exclusion criteria used for children with GER.
Parents or tutors of all children were informed on
the aims of the study and gave informed consent.
Ethical Committee of our Institution approved the
protocol.Lung function
Lung functions were evaluated in 12 GER children and
in 6 controls, able to perform reproducible forced
expiratory manoeuvres. Forced vital capacity (FVC),
forced expiratory volume (FEV1), forced expiratory
flows at 25–75% of the vital capacity (FEF25–75%) were
measured by spirometry (Med Graphics, Pulmonary
Function System 1070 series 2, Med Graphics Cor-
poration; St. Paul, MN, USA).18 On each occasion, at
least three forced expiratory manoeuvres were
obtained and the best values were retained.Oesophageal pHm
Twenty-four-hour oesophageal pHm was performed
in the clinic using a two-channel antimony elec-
trode, the distal electrode being positioned in the
oesophageal lumen above the lower oesophageal
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the oesophageal lumen.8 The distal electrode
positioning was based on Strobel’s mathematical
mode (0.25 height of the patient in cm+5 cm),
and the correct positioning was confirmed by a
chest X-ray. The sampling interval used with the
pHm was 1 s and the pH electrodes calibrated with
standard buffers before each procedure. To detect
the presence of temporal relationship between
pHm established GER and the following respiratory
symptoms during pHm, timing and type of respira-
tory events and other symptoms were recorded on
a diary card. The patients were encouraged to have
a normal daily activity and to eat regularly
following only few dietary recommendations. Data
of the children were collected by their parents
during the day and overnight.
Recording was considered sufficient if performed
for at least 20 h. A Digitrapper ED or Microdigi-
trapper (Synetics) recorder and a Multigram soft-
ware package (Gastrosoft, Inc.) were used for data
sampling and analysis. PHm was considered positive
when the percentage of recorded time with an
oesophageal pHo4 (reflux index) was higher than
3%, and/or if the number of events (every drop in
oesophageal pHo4 for a minimal duration of 20 s
was considered a reflux event) was greater than
100 and/or if there were three or more reflux
events longer than 5min.8 Data from the proximal
electrode were considered in this study to char-
acterize oro-pharyngeal reflux and potential
aspiration.Fiberoptic bronchoscopy, BAL cell analysis
and quantification of LLM index
Fiberoptic bronchoscopy and BAL were performed
as previously described.5,8 Briefly, after premedica-
tion with atropine and sedation with meperidine
(0.5–2.0mg/kg body weight i.v.) or propofol
(2.0mg/kg body weight i.v.) the fiberoptic
bronchoscope (Olympus BF, type P20; Olympus
Corp. of America, New Hyde Park, NY. USA) was
passed through a ventilation mask, and introduced
in a nostril. After local anaesthesia of the airways,
the tip of the instrument was wedged in a
subsegmental branch of the right middle lobe
bronchus, where BAL was performed by injecting
3 1ml/kg body weight, aliquots of sterile saline
solution, which were aspirated at a negative
pressure of 40–100mm Hg in siliconized plastic
tubes. The right middle lobe was selected for BAL
because: (i) reference BAL data in our laboratory
were obtained lavaging this lobe and (ii) in this
patient group it was not possible to identifyradiographically the most involved lobe. Because
of the small amount of saline instilled and of BAL
fluid recovered in young children, the different
aliquots were pooled and analyzed together.
A sample of BAL fluid was sent to the micro-
biology department to rule out the presence of
bacteria, mycobacteria, viruses (cytomegalovirus,
respiratory syncytial virus and adenovirus) and
fungi.16 Total cell counts and volume of fluid
recovered by BAL were recorded as described.5,8
Briefly, the fluid was filtered through two layers of
sterile gauze and centrifuged at 500 g for 5min, to
separate the supernatants from the cells. The
residual cell pellet was washed once and resus-





) at a concentration of 10
6
cells/ml to
evaluate differential cell count. BAL cell prepara-
tions were made by cytocentrifuge (Cytospin;
Shandon Southern Prod. Ltd., Runcorn, England).
The slides were air dried, stained with Romanovsky
stain (Diff-Quick, Merz & Dade A.G., Dudingen,
Switzerland) and evaluated by light microscopy
(Carl Zeiss, Oberkochen, West Germany). The
proportions of macrophages, lymphocytes, neutro-
phils and eosinophils were determined by counting
800 cells per sample and expressed as percentage
of each cell type. In the result section, data on
different types are expressed as proportions of
total BAL because percentages may give a more
accurate view of the relative distribution of
different cell type and are not affected by
variability in amount of fluid returned.4,5
To identify lipid inclusions, BAL cells were
stained with Oil-Red-O and evaluated by fluores-
cence microscopy.3,8 The amount of lipids per
single macrophage was evaluated by a semiquanti-
tative system, previously described by Colombo and
Hallberg19 and the results were expressed as LLM
index.8,9 Assessment of LLM index was blinded to
the pH diagnosis.IL-8, MPO and elastase levels in BAL fluid
In BAL fluid supernatants the concentrations of IL-8
(Amersham Pharmacia Diagnostics AB, Uppsala,
Sweden) and elastase (Bender MedSystems GmbH,
Vienna, Austria) were determined by enzyme-
linked immunosorbent assay (ELISA), according to
the manufacturer’s instructions, while MPO
levels were titrated by competitive radioimmuno-
sorbent assay, according to the manufacturer’s
instructions (Amersham Pharmacia Diagnostics AB,
Uppsala, Sweden), as previously described.20
Sensitivity of ELISA for IL-8 and elastase was


































Airway inflammation in asthma with GER 311(range: 0.16-10 ng/ml), respectively. The detection
limit of MPO was 8 ng/ml (8–1100 ng/ml).
Statistical analysis
Arithmetic mean with standard error in parenth-
eses was used to describe parametric variables
whereas median values with lower and upper
quartiles in parentheses were used to express
non-parametric variables. Student t-test was used
to compare differences in parametric variables and
Mann-Whitney U-test for non-parametric variables.
Spearman’s rank correlations were used, when
appropriate. A probability value (P)p0.05 was set





Figure 1 Analysis of bronchoalveolar lavage (BAL) cells
and lipid-laden macrophages (LLM) index in children with
gastroesophageal reflux (GER, K) and in controls (&).
The proportions of each cell type, expressed as percen-
tage of the total BAL cells recovered (A), or LLM index (B)
are shown on the ordinate whereas the various cell types
(A) are reported on the abscissa. In panel A, horizontal
bars with boxes indicate median values with lower and
upper quartiles whereas in panel B, horizontal bars
indicate mean values.Results
Demographic characteristics, 24 h/pHm records
and BAL data of the study populations: The
demographic characteristics of the GER children
and of controls, pulmonary function results and the
24 h/pHm data (percentage of the study time with
pHo4, number of episodes with pHo4 and number
of episodes45min with pHo4) of the GER children
are summarized in Table 1.
Fiberoptic bronchoscopy and BAL were per-
formed in all subjects without complications.
Hyperemia and/or oedema of the larynx were
noticed in all the GER children, at the time of
bronchoscopy, highly suggestive of gastric content
aspiration.
All microbiologic tests performed on BAL fluid
samples to exclude the presence of infections were
negative. Analysis of BAL cells in GER children and
in controls demonstrated no significant difference
in total cell numbers, corrected per milliliter of
BAL fluid recovered [0.21 106 (0.16 106–0.30
10
6
) cells/ml and 0.09 106 (0.04 106–0.37 106)
cells/ml, respectively, P ¼ 0:11]. As compared to
controls, GER children had increased neutrophil
proportions (P ¼ 0:002) but similar proportions of
lymphocytes and eosinophils were seen in GER
children and controls (Fig. 1A). Evaluating the
amount of lipids in alveolar macrophages as an
index of gastric content inhalation, higher LLM
index was detected in GER children, as compared
to controls (P ¼ 0:004) (Fig. 1B). No significant
differences were detected in BAL neutrophil,
lymphocyte or eosinophil percentages and LLM
index in relation to patient age, considering
separately preschool and school children (not
shown). Finally, a positive correlation betweenBAL neutrophilia and LLM index was demonstrated
in GER children (r ¼ 0:652, P ¼ 0:002), (Fig. 2) but
not in controls (not shown). No significant correla-
tions were observed between BAL cell proportions
or LLM index and pHmetry data (not shown).IL-8, MPO and elastase levels in BAL fluid in
GER children and controls
When compared to controls, BAL fluid of GER
children contained higher amounts of IL-8
(P ¼ 0:005), MPO (P ¼ 0:0011) and elastase
(P ¼ 0:045), (Fig. 3A–C). In GER children, but not
in controls, BAL neutrophil percentages positively
correlated with IL-8 levels (r ¼ 0:62, P ¼ 0:003)
(Fig. 4) and with MPO levels (r ¼ 0:54, P ¼ 0:014)
(not shown). No significant correlations were
observed between neutrophil percentages or LLM
index and elastase levels in both GER children and
controls (not shown) and between pHmetry data












0 20 40 60 80 100








Figure 2 Correlation between neutrophil proportions
and lipid-laden macrophages (LLM) index in bronchoal-
veolar lavage fluid of children with gastroesophageal
reflux. The LLM index is shown on the ordinate and the
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Figure 3 Analysis of various soluble components in
bronchoalveolar lavage fluid of children with gastroeso-
phageal reflux (GER, K) and in controls (&): (A)
interleukin (IL)-8; (B) myeloperoxidase (MPO); (C) elas-
O. Sacco et al.312Clinical outcome after GER treatment
Following the diagnosis of GER and ‘‘difficult to
treat’’ recurrent asthma, all GER children were
prescribed an appropriate diet, treated with
prokinetics and H2 receptor blockers or proton
pump inhibitors and re-evaluated 4–6 weeks later.
In support to hypothesis of a closed relationship
between GER and respiratory disease in these
children, we found that anti-GER therapy (in
addition to the usual ‘‘respiratory’’ treatments)
not only induced a clear improvement in both
gastroesophageal and respiratory symptoms (not
shown), but also a slight increase in FEV1 [87.3 (6.9)
and 92.9 (5.1)] and FEF25–75% [76.4 (8.2) and 89.3
(7.4)] (Po0:05, each comparsion). No changes in
FVC were found [93.6 (4.9) and 94.0 (4.7),
P ¼ 0:20].tase. The various soluble components concentrations,
expressed as pg/ml for IL-8 and as ng/ml for MPO and
elastase, are shown on the ordinate, and the study
populations on the abscissa. Horizontal bars with boxes
indicate median values with lower and upper quartiles.Discussion
Evaluating children with asthma-like symptoms,
GER and endoscopic/BAL findings suggestive of
gastric content inhalation, we demonstrated the
presence of an airway neutrophilic inflammation,
associated with elevated IL-8 levels and high MPO
and elastase concentrations in BAL fluid.
GER can induce or exacerbate asthma-like
symptoms, through two major, not mutually ex-
clusive, mechanisms: inhalation of gastric contentin the airways and vagal reflexes precipitated by
acid in the lower oesophageal portion and in the
larynx.21 These reflexes, through the release of
tachykinins and other neurotransmitters by noci-
ceptive airway afferent nerves, mediate not only
cough, bronchospasm, mucus secretion, and vaso-


















Figure 4 Correlation between neutrophil proportions
and interleukin (IL)-8 levels in bronchoalveolar lavage
fluid of children with gastroesophageal reflux. The IL-8
concentrations, expressed in pg/ml, are shown on the
ordinate and the neutrophil proportions are reported on
the abscissa.
Airway inflammation in asthma with GER 313characterized by the recruitment of polymorpho-
nuclear leukocytes.22
In agreement with the results of a previous
report in children8 and with the demonstration that
organic fats and HCl inhalation may cause in
experimental animals a neutrophilic inflammatory
reaction associated with increased airway reactiv-
ity,7 we found a significant increase in the propor-
tion of BAL neutrophils in GER patients with
respiratory symptoms.
Polymorphonuclear leukocytes can be recruited
and activated to the lung by multiple chemoat-
tractants, including IL-8, which has been shown to
account for a significant amount of neutrophil
sequestration in a variety of human diseases.23–26
As demonstrated in experimental acid aspiration-
induced lung injury,11–14 the results here suggest an
active pathogenetic role of IL-8 in the recruitment
and activation of neutrophils in the airways of
children with GER and endoscopic/BAL findings
suggestive of gastric content inhalation.
Since monocytes, macrophages and neutrophils
are classically considered the major cellular
sources for IL-8 in the lung27 the increased IL-8
production observed in the airways of GER children
may reflect the presence of macrophages and
neutrophils, activated in the lung by the phagocy-
tosis of inhaled gastric organic fat or proteins. The
demonstration that polymorphonuclear leukocytes
recruited to the lung by IL-8 may be induced to
release the same cytokine following phagocytosis ofthe inhaled organic particles may at least partially
explain the close correlation between BAL neutro-
phils and IL-8 levels found in GER patients.27 IL-8
concentrations may be further amplified by the
action of macrophage-derived cytokines, such as
tumour necrosis factor-a and IL-1 on nearby
bystander cells, such as airway epithelial cells.28
In addition to IL-8, MPO and elastase concentra-
tions were also elevated in BAL fluid of GER
children suggesting that the recruited neutrophils
were activated within the airways by phagocytosis
process and by cytokines released in the lung
milieu. Besides being a potent chemotactic factor,
IL-8 has also the ability to stimulate the degranula-
tion and the release of proteolytic enzymes from
neutrophil intracellular storage granules and pro-
mote their respiratory burst.29 The inter-individual
variability in polymorphonuclear leukocyte re-
sponse to stimuli, shown in health and in disease30
may, at least partially, explain why we could
demonstrate significant correlation neutrophil pro-
portion and MPO but not between neutrophil
proportion and elastase concentrations.
Debates have been raised on the usefulness of
LLM index as a marker of aspiration especially in
children with acute and chronic inflammatory lung
diseases, not related to GER.6 Although there was
some overlap between GER children and controls in
our study, a positive correlation between LLM index
and BAL neutrophil percentage was detected only
in the former group.
LLM index was generally low, even in children
with GER. High LLM index should be expected in
patients with massive aspiration resulting in pneu-
monia, while asthma-like symptoms are usually
related to microaspiration of low amounts of
gastric fluid and food byproducts, which can be at
least partially removed by cough and mucociliary
clearance, before getting to the alveolar structures
where most of the alveolar macrophages are
located.31
Finally, we were unable to detect correlations
between in 24 h/pHm data and airway inflamma-
tion in GER children. However, this finding is not
surprising, since: (i) pHm is not sensitive to non-
acid reflux which may be relevant to microaspira-
tion of gastric content that may contribute to
airway inflammation3; (ii) GER does not necessarily
imply aspiration since many refluxers may have
only mild if any respiratory symptoms30; (iii) the
well-known esophago-bronchial reflex may explain
an association between GER and respiratory symp-
toms, not necessarily mediated by gastric content
inhalation.31
The lack of correlation between pH findings
and measures reflecting airway inflammation may
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neutrophilic inflammation not related to GER.
Indeed, in children, neutrophilic inflammation
has been shown to be associated with wheezy
bronchitis and difficult to treat asthma, not always
related to GER32,33 and proposed as a characteristic
of steroid resistant respiratory disease.34 In addi-
tion, GER may be induced by the asthma or by drugs
used for its treatment and therefore just increase,
not induce, airway inflammation, creating a vicious
circle.31 However, the following observations are in
favour of a causal association between GER and
respiratory disease: first, a temporal relationship
between pHm established reflux and the following
respiratory symptoms was observed; second, chil-
dren had a total cellularity not elevated and no
eosinophils, suggesting that ‘‘typical asthmatic
eosinophilic inflammation’’ was not present or
downregulated by anti-asthma treatment; third,
improvement of the respiratory symptoms follow-
ing anti-reflux therapy was achieved.
Finally, although pathophysiology of asthma and
the amounts of neutrophilic inflammation may
differ in infants and children32 we did not find
differences in BAL neutrophil percentages in rela-
tion to age; in addition, respiratory infections were
excluded clinically and by the negative results of
the microbiologic tests performed on BAL fluid,
while the temporal relationship between pHm
established reflux and respiratory symptoms and
the improvement of the respiratory symptoms
following anti-reflux therapy are in favour of a
causal association between GER and respiratory
disease.
In conclusion, we demonstrated that in GER
children with ‘‘difficult to treat’’ respiratory
symptoms and BAL findings suggestive of gastric
aspiration, an active neutrophilic inflammation is
present and correlates with the IL-8 and MPO levels
in the airways. The possibility to evaluate airway
cells and cell-derived products not invasively, i.e.
through induced sputum and breathe condensate
techniques, may allow to perform a similar study on
a larger number of children and to test the
usefulness of gauging neutrophil airway inflamma-
tion parameters in the diagnosis and in the
management of children with GER and respiratory
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